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Abstract
Background: From January 30-February 6, 2011, New South Wales was affected by an exceptional heat wave,
which broke numerous records. Near real-time Emergency Department (ED) and ambulance surveillance allowed
rapid detection of an increase in the number of heat-related ED visits and ambulance calls during this period. The
purpose of this study was to quantify the excess heat-related and all-cause ED visits and ambulance calls, and
excess all-cause mortality, associated with the heat wave.
Methods: ED and ambulance data were obtained from surveillance and administrative databases, while mortality
data were obtained from the state death registry. The observed counts were compared with the average counts
from the same period from 2006/07 through 2009/10, and a Poisson regression model was constructed to
calculate the number of excess ED visits, ambulance and deaths after adjusting for calendar and lag effects.
Results: During the heat wave there were 104 and 236 ED visits for heat effects and dehydration respectively, and
116 ambulance calls for heat exposure. From the regression model, all-cause ED visits increased by 2% (95% CI
1.01-1.03), all-cause ambulance calls increased by 14% (95% CI 1.11-1.16), and all-cause mortality increased by 13%
(95% CI 1.06-1.22). Those aged 75 years and older had the highest excess rates of all outcomes.
Conclusions: The 2011 heat wave resulted in an increase in the number of ED visits and ambulance calls,
especially in older persons, as well as an increase in all-cause mortality. Rapid surveillance systems provide markers
of heat wave impacts that have fatal outcomes.
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Background
Heat wave events can have considerable adverse impacts
on morbidity and mortality. During an extreme heat
wave in France in 2003, maximum daily temperatures
exceeded 35°C for 15 days; the number of excess deaths
across the country due to the heat wave was estimated
to be 14,800, equivalent to a 60% increase over the
expected count [1]. In Paris alone, there were 2228
excess deaths with a 5-fold increased risk of death
observed on the hottest day of the heat wave [2].
In Chicago in 1995 there was a 5-day heat wave which
peaked on July 13 with a maximum temperature of 40°C
[3]. During the month of July there were an estimated
696 excess deaths, equivalent to a 30% increase. As is
often observed, the effect of the heat wave was delayed,
with the greatest daily increase in mortality recorded
two days after the hottest heat wave day, with an excess
of 275 deaths [4]. Smaller increases in mortality during
less severe heat waves have also been observed in Eur-
ope [5-9], China [10], and the United States [11,12].
It has been suggested that some of the excess deaths
observed during heat waves are due to “mortality displa-
cement”, meaning that the deaths of patients who would
have died in the coming days or weeks are shifted
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1995 suggest that mortality displacement accounts for
only a small percentage of the excess deaths [2,13], but
results from other studies have been inconsistent [14].
Hospitalisations have also been found to increase dur-
ing extreme heat events, especially among older persons
[7,15-17], although this finding is not universal [18].
The effect of heat waves on emergency department visits
and ambulance calls is less well established, but the
existing evidence suggests that they also increase
[17,19-21]. During an 18-day heat wave in 2006 in Cali-
fornia an excess of 16,000 ED visits was observed,
including 2134 excess visits for heat-related illness [20].
The elderly are most susceptible to the effects of
extreme heat [22], due to physiological changes that
occur with ageing, chronic illness, certain medications,
and sedentary lifestyles which contribute to reduced
body temperature regulation and dehydration [23].
Other vulnerable populations include those with cardio-
vascular [24], respiratory [6,25], or renal disease [25,26],
and those with mental health problems [27,28].
In Australia, although the more general association of
increasing temperature and mortality has been studied
[29], there are few studies that focus on the outcomes
of specific heat wave events. A study from Adelaide of
two extreme heat waves in 2008 and 2009 found an
increase in ambulance calls of 10% and 16% respectively,
and an increase in ED visits of 6% only during the 2008
heat wave. There was no increase in mortality for all
ages in either heat wave [17], while a study from Bris-
bane of a 20-day heat wave found an excess of 75 deaths
[30].
New South Wales (NSW) is the most populous state
in Australia with a population of over 7 million people
[31], the majority of whom live near the coast, which
has a temperate climate. From January 30 to February 6,
2011, there was an exceptional heat wave in NSW. In
the Hunter Valley, there was a record-breaking consecu-
tive 6 days with a maximum temperature above 39°C.
Overnight temperatures were similarly extreme, with
Sydney experiencing 5 nights above 24°C, including a
record-breaking overnight temperature of 27.6°C on
February 6 [32].
Syndromic surveillance of emergency departments
(EDs) is a useful tool for public health monitoring
[33-35], including during heat wave events [36,37]. The
NSW Ministry of Health operates near real-time syndro-
mic surveillance of ED presentations [38] and ambu-
lance dispatches using automatic capture and analysis of
electronic ED and ambulance data, and provides early
warning of daily and weekly increases in disease activity
in the population. During the NSW heat wave, statisti-
cally higher than expected increases in ED visits and
ambulance calls were identified, both overall and for
heat-related syndromes, which included heat stroke and
dehydration. Thus, the purpose of the study was to
quantify the number of excess ED visits and ambulance
calls attributable to a period of exceptional heat in a
temperate region of Australia, and to determine whether
there was a concomitant increase in the number of
deaths.
Methods
Heat wave definition
The period of January 30-February 6 was identified by
the Bureau of Meteorology, Australia’s national weather
agency, as a period of exceptional heat in the Sydney
and Hunter regions of NSW [32]. Using this indepen-
dent heat wave definition offered an unbiased and objec-
tive way to define this heat wave prior to undertaking
the analysis.
Study area
The study area was defined as the geographic region of
NSW that experienced the maximum anomaly (6°C)
above the historical average (1961-1990) during the heat
wave. Geographic boundaries matching the study area
were identified from the Australian Standard Geographi-
cal Classification. This region included the Statistical
Divisions of Sydney, Hunter and Illawarra, and the Sta-
tistical Local Areas of Mid-Western Regional Part B,
Lithgow, Oberon, Goulburn Mulwaree (Goulburn) and
Goulburn Mulwaree (Bal) and comprised 8% of the land
area of NSW and 73% of its population, i.e. 5.2 million
people (Figure 1).
Study period and data
The study period was restricted to the southern hemi-
sphere summer (November 1-February 28) to reduce
seasonal effects. The daily maximum and minimum
overnight temperatures were obtained from the Austra-
lian Bureau of Meteorology. Data from weather stations
located within the heat wave region were averaged to
provide the mean maximum/minimum temperatures for
Figure 1 Map of New South Wales showing heat wave region
(in dark grey).
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ence period, the daily maximum and minimum tem-
peratures for the same weather stations for the summers
from 2006/07 through to 2009/10 inclusive were aver-
aged to give the mean daily maximum and minimum
temperatures over the four years.
The ED and ambulance data were obtained from a
combination of an ED-based syndromic surveillance sys-
tem and the Emergency Department Data Collection,
which contains routinely collected data captured in the
ED clinical information systems of public hospitals
across NSW. The ED data contain information on the
patient’s demographics, as well as their reason for pre-
s e n t i n gt ot h eE D ,i n c l u d i n gt h et r i a g en u r s e ’sn o t e s .
The ambulance data is a computerised database that
captures information on all ambulance dispatches in
response to persons who have called emergency services,
including demographics and the reason for the call. Data
from the 41 EDs within the heat wave region that parti-
cipate in the syndromic surveillance were available,
which account for 96% of all ED visits in this region.
A m b u l a n c ed a t af o rt h ee n t i r es t u d yp e r i o dh a do n l y
been collected for the Sydney Ambulance Division
region and thus the analysis of ambulance data was
restricted to this area, which services approximately 82%
of the population in the heat wave region. February 12
and 13, 2011, were excluded from analysis of ambulance
calls as data were incomplete on those dates.
Heat-related syndromes were classified using either
the International Classification of Diseases, 10th Revi-
sion (ICD-10), the International Classification of Dis-
eases, 9th Revision (ICD-9) or the Systematized
Nomenclature of Medicine (SNOMED). Heat-related
ED visits included individuals assigned a provisional
diagnosis of: heatstroke, sunstroke, heat syncope, heat
cramp, heat exhaustion, heat fatigue, heat oedema and
other effects of heat (ICD-10-AM code T67, ICD-9-AM
code 992, and equivalent SNOMED codes); and expo-
sure to excessive natural heat (ICD-10-AM code X30,
ICD-9-AM code E900.0 and equivalent SNOMED
codes). ED visits for dehydration included a provisional
diagnosis of volume depletion (ICD-10-AM code E86,
ICD-9-AM code 276.5 and equivalent SNOMED codes).
The list of SNOMED codes used is available in Table
S1 (see Additional file 1: Table S1). Heat-related ambu-
lance calls were assigned a problem category of heat or
cold exposure. Since only data from the summer period
were included it was assumed that all of the ambulance
calls assigned this problem category were for heat
exposure.
All-cause mortality data were obtained from the NSW
Registry of Births, Deaths, and Marriages, which records
all deaths that occur in the state, and includes informa-
tion on the last known residential address of the
deceased. Using this information the death data were
geocoded and restricted to all persons who resided
within the boundaries of the heat wave region at the
time of their death. Cause-specific mortality was not
available at the time of the study.
This study was approved by the NSW Population and
Health Services Research Ethics Committee (CINSW
LNR 2011/006).
Statistical analysis
To demonstrate the signals observed through the syn-
dromic surveillance, a descriptive analysis was per-
formed comparing total observed counts during the heat
wave period to average observed counts from previous
years for all-cause outcomes and for the more heat-spe-
cific syndromes used in the near real-time ED and
ambulance surveillance system, i.e. ED visits for heat-
related conditions, dehydration, and ambulance calls for
heat exposure. The average observed counts were calcu-
lated by averaging the counts for each day for the sum-
mer period from 2006/07 through to 2009/10 inclusive.
Between 2006 and 2010 the population of NSW has
increased by 6%, while the population over 75 years has
increased by 8% and therefore ED visits, ambulance calls
and deaths have been increasing over time. Thus, to
control for this trend and other confounders a general-
ised linear model for count data, Poisson regression, was
fit to determine the relative and absolute increase in the
number of all-cause ED visits, all-cause ambulance calls,
and all-cause deaths that were due to the heat wave.
Data from the summer periods from November 1 to
February 28 for the years 2006/07 through to 2010/11
inclusive were used in this analysis.
Variables for day of the week, public holidays, and
quadratic variables for day of the year were included
to control for calendar effects and any remaining sea-
sonal effects and a variable for year was included to
control for long term trends. An 8-day period repre-
senting the heat wave was modelled using an indicator
variable set to 1 if the date fell between the start date
and end date of this period, and 0 otherwise. A heat
wave lag effect was considered, where the heat wave
time period was shifted forward by 1, 2, 3 or 4 days.
The most appropriate lag for a given outcome was
determined by which model resulted in the lowest
Akaike Information Criterion. As studies have found
t h a tt h o s ea g e do v e r7 5y e a r sa r em o r es u s c e p t i b l et o
heat effects [22], for each outcome 3 analyses were
performed: one for those aged < 75 years, one for
those aged ≥75 years, and one for all ages. The model
fit was checked using deviance and residual plots. To
check for mortality displacement the period following
the heat wave was modelled to check for a reduction
in the number of deaths.
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From January 30 through February 6, the heat wave per-
iod, the average maximum temperature in the study area
was 35.2°C, and ranged from 32.0°C on January 30 to
38.5°C on February 5. The average minimum overnight
temperature was 21.8°C and reached a high of 23.7°C on
February 5.
During the 8-day heat wave, there were 104 ED visits
for heat effects and 236 ED visits for dehydration, and
116 ambulance calls for heat exposure (Table 1). The
greatest daily counts for ED visits and ambulance calls
for heat effects were observed on the hottest day of the
heat wave (February 5), with 33 visits and 32 calls
respectively. The highest daily count of ED visits for
dehydration was observed the next day, with 45 visits.
These were the highest daily counts observed in the
past 5 years (Figure 2). All-cause outcomes were also
higher, with 34,197 total ED visits, 8609 ambulance calls
and 814 deaths during the heat wave period, as com-
pared to an average of 30,092 visits, 7155 calls and 682
deaths in previous years, although the proportion of this
increase that is due specifically to the heat wave is not
clear.
From the regression modelling, the greatest relative
increase in all-cause ED visits was observed with a lag
of 3 days; after adjusting for calendar effects, there was
a significant increase of 2% (RR 1.02, 95% CI 1.01-1.03)
which corresponded to an excess of 595 (95% CI 221-
973) ED visits (Table 2). Similar results were observed
in those under 75 years only (RR 1.01, 95% CI 1.00-
1.02), and in those over 75 years there was an increase
of 8% (RR 1.08, 95% CI 1.04-1.11).
The greatest relative increase in all-cause ambulance
calls was observed with a lag of 1 day; after adjustment,
there was a significant increase of 14% (RR 1.14, 95% CI
1.11-1.16) corresponding to an excess of 1033 (95% CI
845-1225) calls. In the younger age group a 10%
increase in the number of ambulance calls was observed
(RR 1.10, 95% CI 1.07-1.13) while in those over 75 years
a 17% increase was observed (RR 1.17, 95% CI 1.12-
1.23).
In the adjusted model without any lag, there was a
13% increased risk of all-cause death (RR 1.13, 95% CI
1.06-1.22). This corresponded to a predicted excess of
96 deaths (95% CI 40-157). When stratified by age, in
those aged less than 75 years there was a 16% increase
in the number of deaths (RR 1.16, 95% CI 1.02-1.30). In
persons over 75 years an increase of 12% was observed
(RR 1.12, 95% CI 1.03-1.23).
Discussion
This is one of the few studies of the impact of a heat
wave event on mortality, ambulance calls and ED visits
in Australia. The strength of this current study is that it
combines three sources of data to form a more com-
p l e t ep i c t u r eo ft h ee f f e c to fas p e c i f i ch e a tw a v ee v e n t ,
and provides useful information on the timing of the
peaks of the three outcomes, which can help in predict-
ing the effects of future heat waves.
In this study, large numbers of ED visits and ambu-
lance calls for heat-relatedc o n d i t i o n ss u c ha sh e a t
stroke, heat exhaustion and dehydration were observed
during the heat wave, with the highest counts recorded
in five years, emphasizing the exceptionality of this
event. The effect of the heat wave was likely exacerbated
by the fact that the hottest days occurred on the week-
end, when it is likely that many people would be out-
doors. The largest single daily counts of ED visits and
ambulance calls for heat-related conditions were
recorded on the Saturday during the heat wave. The
absolute count of all cause ED visits and ambulance
calls were also elevated in comparison to previous years,
although this increase may have been partly due to a
growing population and not specific to the heat wave,
hence the need for multivariate analysis to eliminate the
effect of long-term trends.
The Poisson model found significant increases for all
outcomes and for both age groups. As expected, those
aged 75 years or older experienced the highest excess
rates of ED visits, ambulance calls and deaths (Table 2).
This age group also experienced the largest absolute
increase in the number of deaths, with an excess of 58
deaths predicted by the model to be attributable to the
heat wave period, compared to 38 in younger persons,
even though they represent a smaller population. In
contrast, the largest absolute increases in ED visits and
ambulance calls were observed in those aged less than
75 years, which is expected as they normally account for
the majority of ED visits and ambulance calls (86% and
63% respectively). Overall, the greatest absolute impact
we found was on the number of ambulance calls with
1033 excess calls attributable to the heat wave, this
Table 1 Observed counts of ED visits, ambulance calls
and deaths during the heat wave and during the same
period in previous years
Observed (2011) Average observed (2007-2010)
ED visits
All-cause 34,197 30,092
Heat effects 104 13.5
Dehydration 236 81.3
Ambulance calls*
All-cause 8609 7155
Heat exposure 116 8.0
Deaths
All-cause 814 682
*Sydney only
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82% of the population of the heat wave area. If ambu-
lance data from the entire heat wave area been available,
the number of excess calls would likely have been even
greater.
While not as extreme as the events in France and Chi-
cago, the impact of the heat wave on all-cause mortality
overall that we observed was similar to that found in
many northern hemisphere studies, despite the fact that
heat effects are generally considered to be lower in
regions with higher average temperatures [39], such as
Australia. Although, in contrast to previous studies that
have generally found a greater relative increase in mor-
tality in older persons [7,8],i nt h ec u r r e n ts t u d yt h e
increase in mortality was greater in persons younger
than 75 years. This result is similar to those of one of
the few other studies of heat waves in Australia. The
Nitschke et al. [17] study from Adelaide of a 2009 heat
wave also found a large increase in ambulance calls, but
a smaller relative increase in ED visits. They also found
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64 years), but in contrast they did not find any signifi-
cantly increased mortality in older persons.
Unfortunately cause of death was not available at the
time of the analysis and thus we were not able to inves-
tigate whether there were any cause-specific increases or
to identify deaths that were potentially heat-related. But,
given the wide-ranging health effects of extreme tem-
peratures, all-cause mortality is the most sensitive mea-
sure of heat-related mortality. The period following the
heat wave was modelled to check for mortality displace-
ment. None was found, but this is difficult to assess as
the effects could be obscured by subsequent hot days, as
following the heat wave there were multiple days with
maximum temperatures exceeding 30°C.
While the 8 days of the heat wave clearly resulted in
increased health care utilisation, the extreme heat may
have only been one factor in the observed results. The
effect of the high heat may have been modified by air
pollution and/or high humidity, both of which are asso-
ciated with increased morbidity and mortality [40-42].
Both high levels of ozone and above average humidity
were experienced during the heat wave period [32,43].
As well, there were certainly other periods of extreme
heat during the time period of the analysis. This may
underestimate the effect of this heat wave in comparison
to non-heat wave periods; but, the fact that we still
found significant increases in all outcomes once again
suggests that this event was exceptional.
The increases in the existing heat-related syndromes
included in our regular syndromic surveillance reports
were plausible given the clear heat exposure. Given that
delays in death registrations arising from administrative
processes, the syndromic ED and ambulance data avail-
able for analysis within 24 hours may be useful as a
marker of potential mortality increases that are less
easily and rapidly measured. Exploration of the predic-
tive value of these syndromes for mortality outcomes
would be valuable in the design of heat wave early
warning systems.
Conclusions
This heat wave in NSW placed a great burden on the
health care system. Not only was an increase in the
number of heat-related ED visits and ambulance calls
observed during this exceptional heat wave, but we also
found a substantial impact on both all-cause ED visits
and all-cause ambulance calls, especially in older popu-
lations who are known to be vulnerable to the effects of
extreme heat. This occurred in tandem with an increase
in the number of all-cause deaths.
Additional material
Additional file 1: Table S1. List of SNOMED codes used to identify ED
visits for dehydration and heat-related syndromes.
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